ABSTRACT. Discussions of diversified farming systems (DFS) rarely mention rangelands: the grasslands, shrublands, and savannas that make up roughly one-third of Earth's ice-free terrestrial area, including some 312 million ha of the United States. Although ranching has been criticized by environmentalists for decades, it is probably the most ecologically sustainable segment of the U.S. meat industry, and it exemplifies many of the defining characteristics of DFS: it relies on the functional diversity of natural ecological processes of plant and animal (re)production at multiple scales, based on ecosystem services generated and regenerated on site rather than imported, often nonrenewable, inputs. Rangelands also provide other ecosystem services, including watershed, wildlife habitat, recreation, and tourism. Even where non-native or invasive plants have encroached on or replaced native species, rangelands retain unusually high levels of plant diversity compared with croplands or plantation forests. Innovations in management, marketing, incentives, and easement programs that augment ranch income, creative land tenure arrangements, and collaborations among ranchers all support diversification. Some obstacles include rapid landownership turnover, lack of accessible U.S. Department of Agriculture certified processing facilities, tenure uncertainty, fragmentation of rangelands, and low and variable income, especially relative to land costs. Taking advantage of rancher knowledge and stewardship, and aligning incentives with production of diverse goods and services, will support the sustainability of ranching and its associated public benefits. The creation of positive feedbacks between economic and ecological diversity should be the ultimate goal.
However, the economic sustainability of ranching is more precarious than its ecological sustainability. Profit margins are notoriously thin, and one can argue that ranching persists in the U.S. because, and insofar as, more industrial methods of livestock production have thus far been unable to render it economically uncompetitive and obsolete. There are four key elements to this resistance or persistence: (1) Technologies for confined breeding of cattle, sheep, and goats have not yet been developed, in contrast with broiler chickens, turkeys, and hogs. Extensive ranching thus remains economically competitive as a source of young animals, most of which are subsequently fattened in confined feeding operations. (2) On remaining U. S. rangelands, the economic costs of intensive inputs and land manipulations, e.g., irrigation, fertilization, or cultivation, are prohibitively high relative to returns, because of low biological productivity, rugged topography, limited water supplies, etc. (3) There remain large areas of rangelands available for grazing that are not deemed more valuable for other uses, although this is changing because of pressures for energy development, tourism and recreation, and residential (exurban and suburban) land uses (Brown et al. 2005) . The market price of ranch land far exceeds what livestock production alone can justify economically (Torell et al. 2005) , driving margins still lower. (4) Ranching has long retained and attracted landowners motivated by quality of life or use values, e.g., family or community tradition, attachment to place and nature, as much or more than by financial or exchange values such as profit or return on investment; such owners tolerate unreliable and low, or even negative, returns from livestock production to persist in ranching (Smith and Martin 1972) . For example, roughly half of ranchers who lease federal rangelands rely on off-ranch sources for 50% or more of their income (Gentner and Tanaka 2002) , and in some areas so-called "amenity buyers" now dominate ranch real estate transactions (Gosnell et al. 2006) . In fact, off-ranch income may represent the most widespread form of diversification in U.S. ranching, albeit one with no simple or necessary relationship to DFS. This combination of ecological and economic circumstances makes rangelands a valuable source of insights and opportunities for DFS. Compared with the rest of U.S. agriculture, ranching is a tightly coupled social-ecological system. Ranchers must adapt their production to the highly variable conditions of climate and vegetation characteristic of rangelands, and they must do so under economic constraints that preclude resorting to expensive external inputs (Sayre 2001) . Because roughly half of U.S. rangelands are publicly owned and governed by multiple use mandates, many ranchers must also manage for a range of public goods and services as well as livestock products.
Across the western U.S., countless examples can be found of individual ranchers, or groups of ranchers, who are finding innovative ways to cope and persist by diversifying their operations. Tables 1-5 provide a sample of these innovative ranches, categorized by the types of diversification they illustrate: management practices, land tenure arrangements, products, marketing, and services, including ecosystem services that are not yet marketable. We discuss each of these categories of rangeland diversification, exploring the opportunities they represent and the corresponding obstacles to diversified management of rangelands in the U.S. We conclude with policy recommendations to facilitate rangeland DFS.
Diversification through innovative management practices
The constitutive moment of range livestock production is the animal's act of consuming forage, i.e., herbivory. The sustainability of the operation as a whole depends on the response of plants and plant communities to the selective removal of biomass by the grazing animal, and the persistence of climatic and edaphic factors that support plant growth. The coevolutionary relationship between large grazing animals and the world's rangeland plants, especially grasses, is tens of millions of years old. Domestic livestock production, developed within the last 15 thousand years, augments the grazing of wild animals, insects, and other species. Range livestock managers cannot control the weather. They have only indirect control over herbivory and plant response, but they have an extraordinarily wide spectrum of potential management strategies for doing so, from constant copresence or herding, to the placement of water sources, salt licks, or other supplements to attract livestock to certain areas, to fixed delimitation of grazing areas with fencing. All of these strategies involve trade-offs between costs, for labor, infrastructure, or both, and benefits measured in forage production and effects on the health, growth, and successful reproduction of the livestock being managed.
This rather abstract discussion serves to isolate a key point regarding rangelands and DFS, namely, that range livestock production intrinsically involves interactions of herbivory and plant growth at scales ranging from individual plants to entire landscapes and from days to years. If diversified farming typically denotes multiple crop species grown in combination or in alternating sequences or rotations, in range livestock production a pre-existing and self-perpetuating diversity of plants stays put while the animals move, distributing their impacts spatially and temporally, whether or not the manager is consciously rotating them. Put another way, livestock grazing is an ecological influence that can be managed in terms of timing, frequency, and intensity as well as location (Sayre 2001) .
Ecology and Society 17(4): 43 http://www.ecologyandsociety.org/vol17/iss4/art43/ The recommended management practices of the mid-20th century on U.S. rangelands were oriented toward homogenization of livestock impacts and range landscapes, both spatially and temporally (Fuhlendorf and Engle 2001) . Stocking rates were normalized at static levels based on estimates of average annual forage production. Watering points and fences were constructed, and predators controlled, to encourage livestock to be as evenly distributed as possible and thereby to utilize all available forage (Sayre 2002, Sayre and Fernandez-Gimenez 2003) . It is now recognized that these strategies were poorly suited to the natural spatial and temporal heterogeneity of many rangelands, and that recommended stocking rates were generally too high, especially in drier years. Management practices today are instead more likely to emphasize flexible stocking, adaptation to local and ephemeral conditions, and grazing systems that manipulate the timing, intensity, and duration of grazing, as well as the type of grazing animal(s), to achieve specific management objectives.
Diversification through management innovation on U.S. rangelands can take many forms but is unified by a few common themes:
1. Reducing operating costs by relying less on purchased inputs and human labor and more on natural processes of plant and animal (re)production. Giving up expensive hay-cutting, storage, and winter feeding in favor of direct livestock herbivory is an example.
2.
Restoring or remediating past degradation to improve the underlying productivity of rangelands. Riparian areas are common targets for such efforts.
3.
Enhancing the coproduction of ecosystem services such as wildlife habitat, predators, pollinators, or endangered species of plants and animals. There are emerging markets and some payment programs for a variety of rangeland ecosystem services that can augment income from livestock production. As one example, value-added prices may be obtained for livestock produced organically or in environmentally friendly ways.
The management innovations themselves are as diverse as the landscapes, managers, and goals in question. The most widespread grazing systems involve planned movements of herds from one grazing area to another. These rotations may be days or months long, depending on management objectives. The efficacy of rotational grazing in and of itself for increasing production and improving ecological conditions has been debated among range scientists for decades , and it is not well supported by experimental science (Briske et al. 2008 ). However, livestock may be moved from one area to another for many different reasons, including avoiding bird nesting areas during the breeding season, concentrating grazing on an invasive species, avoiding drought stricken areas, preventing overuse, or achieving more uniform, or more heterogeneous, consumption of the vegetation. Season-long and year-long grazing remain viable strategies, depending on the management goals ).
Cross-fencing or creating smaller pastures to achieve tighter control on distribution and intensity can enable more flexible and/or targeted grazing for diverse management objectives, although the trade-off is a loss in the apparent "naturalness" of the environment and potential habitat fragmentation for some species. Concentrating livestock in smaller areas, and therefore higher densities, for shorter periods reduces grazing selectivity and is believed to reduce plant competition in more mesic rangelands where competition is not constrained by aridity. For example, Chet Vogt of Three Creeks Ranch in Glenn County, California, rotates his 500 cow/calf pairs among 32 fenced paddocks and a handful of riparian "special management zones," which receive short-duration grazing treatments intended to benefit native plants. Multispecies grazing incorporates multiple kinds of livestock, e.g., goats and/or sheep alongside cattle, to diversify herbivory impacts, i.e., browsing and grazing. Joel Salatin's "Polyface" system is perhaps the best-known example of this type of diversification, but there are numerous others (Table 1) . Finally, matching livestock numbers and needs to variable forage conditions involves a kind of temporal diversification and innovation, recognizing that high variability in both production and nutritional content of rangeland vegetation can be tracked by managers and accommodated through flexible stocking, i.e., adjusting herd sizes frequently, and careful timing, e.g., scheduling the herd's peak demand for the time of year when forage quality and quantity are highest. Seedstock producer Kit Pharo and his 28,000-member "herd quitter" newsletter and list-serv focus on this forage balancing act as the cornerstone of sound ranch planning.
Diversification of land access and tenure arrangements
Sometimes by choice, but more often by necessity, ranchers in the western U.S. manage a diverse combination of land tenure arrangements, frequently relying on both public and private land to support their herds through the year. As a result of historic U.S. land allocation policies, private land owned by western ranchers is seldom enough to maintain an economically viable operation. Further, a key strategy is the use of different elevations and vegetation types depending on the season and weather patterns, but owning enough land to encompass such topographic variation is rare. Instead, nearly 30,000 U.S. ranchers utilize federal grazing leases on more than 94 million ha of rangelands administered by the U.S. Forest Service (USFS) and Bureau of Land Management (BLM; Gentner and Tanaka 2002, GAO 2005) . These leases are linked to parcels of private land and typically transfer when the parcels change hands, because the public lands are an indispensable part of the ranch. Many ranchers move their herds between public and private land every year, using (Souder and Fairfax 1996) ; county, regional, or municipal utility and park districts; and public universities. Grazing lands are also owned and managed by a wide variety of private landlords, including individuals, private universities, land conservancies, partnerships, and corporations, notably precious metal mining, oil, or diversified holding companies. One rancher in the Sierra Nevada foothills used 10 to 15 different private and public leases to support his cattle through the year (Sulak and Huntsinger 2007) . All of these ownerships may offer profitable leasing opportunities, and could present ranchers with the opportunity to diversify products, services, and management. For example, animal unit months (AUMs), in which federal leases are administered, on BLM allotments can be converted between cattle and sheep.
Ideally, public and private components of a ranch are adjacent, or close enough to move livestock without the use of vehicles, but this is not always the case. In regions where competition for leases is stiff, often because of development pressure, ranchers piece together noncontiguous parcels to make their operations viable (Sulak and Huntsinger 2007) . Crucial to diverse land tenure arrangements is a rancher's ability to move livestock within or between these parcels. Hence, rights of way for moving livestock, under their own power or with trucks, are essential. Mobility has been highlighted globally as a central component of extensive livestock grazing systems and is beginning to find a place in the literature on North American working landscapes (Huntsinger et al. 2010a) . Public stock driveways remain crucial to some large range sheep and cattle operations, and many western states' open range and right-of-way laws favor livestock over cars on public rural roads (G. S. Fisher, unpublished manuscript). Informal or customary agreements to allow livestock movement across private lands have been documented among long-time neighboring ranchers in Montana (Yung and Belsky 2007) . For ranches fragmented and contiguous alike, human assistance in livestock movement is essential. The Ellison Ranching Company, based in Tuscarora, Nevada, moves sheep by their own power over 200 miles on a round trip between summer and winter grazing allotments, and is dependent on trailing permits and long-established stock driveways for these movements.
In the case of private rangelands, the various property rights associated with ownership, often described with the metaphor of a bundle of sticks, represent a significant opportunity for diversification. Conservation easements, in which development rights are sold to a land trust or a government entity, have generated considerable enthusiasm in the environmental community and significant, if sometimes hesitant, adoption http://www.ecologyandsociety.org/vol17/iss4/art43/ Table 2 ). Conservation easements evolved from easements long used as a tool of land management for more specific purposes such as protecting rights of way, severed mineral title, and hunting (Merenlender et al. 2004 ). The concept was expanded to include a more general protection from development of lands with conservation value, and there is some evidence that since they began being used as a tool for conserving ranchland, conservation easements have become more flexible, or less precise in their requirements regarding grazing, over time (Rissman and Sayre 2012) .
Conservation easements on ranches and other working lands are often purchased to buffer adjacent protected lands, and their details vary widely to accommodate the particular circumstances of landowners and easement holders alike (Rissman et al. 2007) . Similarly, ranchers may sell habitat mitigation easements, or credits from mitigation banks, to public or private developers to offset damage caused by construction projects elsewhere (Bonnie 1999 , Merenlender et al. 2004 ). For mixed-tenure ranchers, interest in easements often depends on the security of tenure to public grazing allotments, because loss of an allotment could leave a private parcel that is not viable for ranching by itself (Rissman and Sayre 2012) . On their private lands, ranchers may also sign long-term leases for communication towers, oil and gas wells, hunting or wildlife observation access, and wind or solar energy development.
Ancient in origin but somewhat innovative in modern U.S. ranching are shared or common property regimes. Federal grazing allotments are sometimes leased by associations of up to 40 ranchers who run their stock in common. Taking advantage of the economy of scale in labor, because the amount of work required to husband 10 cows may be the same as is required to take care of 100, these ranchers pool their cattle and collectively hire cowboys to take care of the animals. Table 2 ).
Diversification of products
Since the mid-20th century, U.S. rangeland cattle production has been oriented toward the sale of a single commodity: calves destined for feedlots. The genetic diversity of beef cattle has been reduced dramatically because cattle buyers and processing firms demand animals of uniform size, color, and shape. More recently, however, many ranchers have diversified away from this norm to improve the sustainability of their operations. Mixed or minor breed cattle, e.g., Murray Gray, British White, Criollo, Loala, Belted Galloway, are the clearest instance of this type of diversification, but a number of ranchers also pursue greater genetic variability within conventional breeds, by culling for locally adapted herds, for example, smaller animals that thrive during drought or on limited available forage. Ranches may also raise multiple livestock species, e.g., sheep, goats, hogs, bison, chickens, ostriches, and llamas, that may include minor or mixed breeds as well. Rehoboth Ranch, 40 miles northeast of Dallas, Texas, combines these two strategies by raising Red Angus, Angus cross breed, and Red Devon cross breed cattle alongside pastured lamb, pork, and poultry (Table 3) . Ranching with multiple species and breeds can provide ecological benefits, maximize forage utilization, and minimize producer risk (Barnes 2011) .
Ranchers may also enter the market earlier in the animal life cycle by selling breeding stock to other producers, as Pharo Cattle Company does, or later by finishing and even marketing their own animals. The U.S. Department of Agriculture (USDA) does not currently track on-ranch animal finishing, but recent estimates of U.S. grass-fed beef production range from 50,000-100,000 head per year (Gwin 2009 ). Some ranchers have leased steers for rodeo use, returning them to the ranch for fattening on grass at the end of the rodeo season.
Ranchers who finish their own animals may also diversify into value-added animal products; Colorado's McNeil Ranch, for example, sells jerky, pet food, burritos, and tamales (Table 3) .
Another source of potential income for ranchers is wildlife. Livestock and wildlife production can be highly compatible, and income generated from wildlife provides incentive for ranchers to manage and enhance wildlife habitat. Although in the U.S. wildlife is considered a public resource (Butler et al. 2005) , private property access rights may give landowners de facto control over it (White 2000 , Butler et al. 2005 . Ranchers can earn income, and provide food for the table, from wildlife in a number of ways, including fees or guided tours for sightseeing, bird-watching, fishing, and hunting. There are two kinds of wildlife ranching that are common: fee hunting and wildlife husbandry (Butler et al. 2005 ). Fee hunting is based on charging for hunting access on daily, seasonal, annual, outfitter, or broker programs. Access may be granted for hunting one or multiple species. For wild game, the season and allowed take are usually regulated by state laws and game agencies. Fee hunting of exotic game can allow the landowner greater control over access and rates of harvest, because exotic animals are usually considered private livestock in the eyes of the law (Butler et al. 2005) .
Wildlife farming or husbandry relies on exotic wildlife or wildlife descended from populations that became private before current game laws were put in place. For example, most American bison are in private ownership today, and there are large herds of private native elk. In this system, animals are confined by fences and are intensively husbanded with selective breeding, supplemental feeding, and veterinary treatment, but otherwise managed as wild (Butler et al. 2005 ).
There is a growing market in North America and Europe for wild ungulate meat because it is perceived as healthier than industrially produced meats (White 2000) . In the United States, native wildlife meat or by-products cannot legally be sold, but meat and by-products from exotic big game, considered livestock, may be marketed (Yorks 1989) .
At Deseret Land and Livestock, although revenue from the production of domestic livestock is the foundation of the ranch, income generated from wildlife-based recreation, such as feebased big game hunting, waterfowl hunting, bird watching, and fishing, accounts for as much as 30% to 40% of yearly income (DLL 2008 , McGinty et al. 2009 ). In a California survey of oak woodland landowners, less than 10% earned income from hunting, though 37% hunted for themselves or gave access to friends, and 21% of all landowners stated that hunting was an important reason to live in the oak woodlands.
On the other hand, 45% stated that watching wildlife was an important reason to live there (Huntsinger et al. 2010b) . http://www.ecologyandsociety.org/vol17/iss4/art43/ A number of ranches produce wood products or nonagricultural products, e.g., oil and gas, renewable energy, minerals, photos, merchandise. The petroleum, mining, and forestry industries have historically relied heavily on both public and private rangelands, while renewable energy generation has emerged more recently as a nonagricultural source of ranch income. Ranches with agritourism enterprises may also sell photos or ranch-related merchandise.
Diversification of markets and marketing
Many practices that conserve diversity on ranches in the U.S. offer opportunities, and sometimes imperatives, to capture added value via alternative markets. Various third-party certification and marketing systems have emerged to help capture added value from niche markets such as grass-fed, organic, humane, local, predator-friendly, or wildlife-friendly. Certified Humane (www.certifiedhumane.org/) certifies 93 producers nationwide, American Grassfed Association (www. americangrassfed.org/) certifies 153 producers, and as of the last agricultural census (USDA-ERS 2010), 2.16 million acres of rangeland and pastureland were certified organic, as were 15.5 million poultry animals and nearly half a million head of cows, hogs, and sheep. Price premiums for niche meats can be 10% to 30% over conventional meat products (Gwin and Hardesty 2008) , and although niche markets represent only 4.2% of total beef sales, that number has grown steadily, up from 1.1% in 2003 (Clause 2010 , National Cattleman's Beef Association 2012).
Alternative marketing arrangements are growing to take advantage of these premiums. Cooperatives and producer marketing boards, as well as companies that source by contract from multiple operations, can help small-scale producers capture more downstream value, maintain ownership of new technologies, and give producers more market power than would otherwise be the case (Moran et al. 1996) . They can also help producers access niche markets for locally produced or sustainable products. The Country Natural Beef cooperative, for example, enables 120 ranches in 12 states to sell on national and international markets under a brand that testifies to a common set of sustainability and animal welfare standards.
At the local and regional level, marketing strategies range from direct local sales to consumers, restaurants, and retail outlets, to farm stands, farmers' markets, local online sales, and local produce aggregation and delivery services. Door to Door Organics is a local produce aggregator serving Colorado, Kansas City, Michigan, and Chicago; McNeil Ranch sells its grass-fed beef through a members-only weight loss plan ( (Galt 2011) . Many CSAs include meat, or deal exclusively with meat products, often based on ecologically sensitive production practices. Another means by which ranchers "put a face" on their products is the development of local and regional brands. Beef from Marin Sun Farms, in Point Reyes, California, for example, is sold exclusively in the San Francisco Bay Area under the ranch's own label, which highlights grass-fed and sustainable practices. The company contracts for products from multiple operations in the region to take advantage of differing prime harvest times for their products.
Diversification of services
There is a long history of Western ranches providing agricultural tourism and recreation related services for payment, most famously on 'dude' ranches where visitors pay to ride horses and experience the mythic ranching lifestyle. Many ranches sell access to their private lands for horse riding or boarding, and a growing number support education and research. The Deseret Land and Livestock Company combines these classic service diversification strategies, providing guided fishing, bird-watching, and natural history tours, offering a mix of fee and free hunting access, and hosting researchers and educational groups (Table 5 ).
Other marketable services have emerged more recently. One prominent example is grazing for control of fire risk and invasive weeds. Companies have sprung up offering to provide goats specifically for vegetation management, and they may charge as much as US$160/ha for this service (Table 5 ). Goats will consume some invasive species that other livestock refuse, and they like brush, which can be invasive on rangelands. Ranchers who traditionally produced only cattle now may acquire herds of goats specifically to rent out. Cattle can also be used for fire hazard management; in fact, one reason cited by public agencies for permitting grazing on their lands is reduction of fuel loads. However, in these cases cattle owners usually pay for the privilege of grazing grass even if reduced fire hazard is a recognized service. Finally, ranchers may also sell services for other ranchers. For example, the Arrow T Ranch in Conifer, Colorado, provides cow-horse training facilities, while Whatcom County's Matheson Farms offers consulting, monitoring, group facilitation, and even video production (Table 5) .
Ranches also produce a wide variety of ecosystem services that are more difficult to sell, but of growing interest and importance (Havstad et al. 2007 . Some are produced incidentally, as by-products of range livestock production; others are produced intentionally by ranchers for personal and public consumption. As the demand to protect and increase ecosystem services grows, and competition for land intensifies, rancher interest in being compensated for ecosystem services as a way of diversifying their income streams will likely increase.
Of the ecosystem services that benefit the public, those provided at the landscape scale are the most universally appreciated.
The "wide open spaces" of ranch country are a cherished part of the quality of life in the United States. Because range livestock production typically requires a lot of land to support enough stock for a livelihood, ranches tend to be extensive; because it does not generally require cultivation and conversion of ecosystems, the land looks unaltered to most people, even though it is being managed and used for agricultural production. As large, unfragmented, and relatively intact landscapes, rangelands provide habitat for wildlife, pollinators, and plants, as well as watershed functioning and carbon storage and sequestration, among other services (White 2010 , Gosnell et al. 2011a , 2011b , Maczko et al. 2011 . In much of the West, ranch lands serve to buffer parks and reserves from more intensively settled areas (Maestas et al. 2003) and may play an active role in restoration projects.
Within the ranch, at the pasture scale, the priorities, practices, and trade-offs among ecosystem services become more complex. Although large-scale ecosystem functions are less altered in ranching than in other forms of agriculture, livestock production has short-and long-term impacts on the land: grass http://www.ecologyandsociety.org/vol17/iss4/art43/ and water are consumed, trails and fences are created, and soils may be affected. Some types of vegetation and wildlife may flourish as a result, whereas others may decline. Increasingly, though, livestock producers are finding that grazing can be used as a tool to create vegetation and soil conditions that favor the coproduction of various ecosystem services.
Most recently, the value of California rangelands for pollination services, as habitat for wild bees that pollinate a third or more of the state's crops, has been estimated at between US$937 million and US$2.4 billion (Chaplin-Kramer et al. 2011) . Pollinators can be managed at the landscape scale by keeping ranches intact and hence, large swaths of land unfragmented, which provides refuge and habitat for large numbers of pollinators. At the pasture scale, on some ecological sites, grazing can be managed to benefit the broadleaved plants, i.e., flowers that pollinators need.
Many other examples can be adduced, albeit without dollar estimates of their values. In the San Francisco Bay region, half of the available habitat for the endangered California tiger salamander (Ambystoma californiense) is provided by stock ponds managed by ranchers. In this case, grazing seems to benefit the animals (DiDonato 2007), as it does in the vernal pools that are its native habitat (Marty 2005, Pyke and Marty 2005) . In a more complex case, more than half of the habitat for the state-threatened California Black Rail (Laterallus jamaicensis) comes from leaky ponds, irrigation ditches, and troughs associated with ranching (Richmond et al. 2010 ), although at the pasture scale, grazing must be managed so as not to change the structure of the vegetation in the small mesic areas that are the rail's habitat during the nesting season. The threatened Chiricahua leopard frog (Rana chiricahuensis) has declined with the loss of natural perennial surface waters and the spread of the bullfrog (Lithobates catesbeianus), which is a predator of it. It persists primarily in refugia in ranch stock tanks, which provide perennial habitat discontinuous from bullfrog-invaded streams (USDI-FWS 2002) . Other examples of habitat improvement with grazing include burrowing owls (Athene cunicularia; Green and Anthony 1989), endangered kangaroo rats (Genus Dipodomys; Kelt et al. 2005) , and butterflies (Weiss 1999) . There have been notable cases where grazing exclusion has caused the species being protected by the exclusion to leave or disappear (Weiss 1999 , DiDonato 2007 .
Ranchers have captured some of the value of these services through federal cost-share and incentives programs that are in fact payment for ecosystem services opportunities for ranchers. These include the Working Lands Programs funded through the U. htm#incentive) to assist crop and livestock producers with environmental and conservation improvements on land used for agricultural production. For example, a rancher wanting to repair a stock pond or put in a trough can apply for cost share funds to carry out the work in an environmentally sensitive way. The CSP provides payments to producers for adopting or maintaining conservation management practices that address one or more resources of concern, such as soil, water, and wildlife habitat. WHIP (www.ers.usda.gov/ briefing/farmpolicy/glossary.htm#whip) provides technical assistance and cost sharing for development and improvement of wildlife habitat. The USDA NRCS administers these programs. About US$61 million were obligated through WHIP, US$864 million through EQIP, and US$191 million though CSP in 2011 to ranchers and farmers (USDA-NRCS 2012). The Farm and Rangeland Protection Program provides funds to eligible entities, i.e., state, tribal, or local governments and nonprofit organizations, to help purchase easements (www.ers.usda.gov/briefing/farmpolicy/glossary.htm#easements) that would preclude nonfarm development of productive farm and ranch land. About US$161 million was provided for conservation easements in 2011.
Obstacles and policy recommendations
It is clear from this brief review that rangelands are significant sites for agricultural diversification in the western U.S. Innovative ranchers have found ways to persist under uncertain economic and ecological conditions. Numerous barriers remain to be overcome, however, if these innovations are to move from the margins to the mainstream.
In many parts of the country, the largest barrier to diversified marketing, especially for small to midsized ranches, is the lack of accessible USDA certified processing facilities (Barnes 2011 , Niche Meat Processor Assistance Network 2012 . The U.S. beef packing industry is one of the most concentrated in American agriculture: four companies control 83.5% of the total market (Hendrickson and Heffernan 2007) . Many commercial slaughtering facilities will not process small batches of locally finished cattle, or smaller than standard cattle. This can preclude ranchers from selling directly to local customers, or from diversifying the genetics of their herds. Criollo cattle, for example, travel farther from water sources and consume more diverse vegetation types, and ranchers also claim the breed is more adapted to heat stress. However, cattle adapted to arid lands are typically several hundred pounds smaller than conventional, mostly British, breeds (Barnes 2011) . Policies to certify and support smaller processing facilities would help more ranchers diversify in these ways. http://www.ecologyandsociety.org/vol17/iss4/art43/ Uncertainty around land tenure can also inhibit diversification by discouraging long-term investments in alternative production or marketing. On private land, encroachment of other land uses, residential, commercial, industrial, or energyrelated, can directly disrupt seasonal leasehold tenure, and it also indirectly complicates ranch management and may inhibit or preclude range improvement projects, e.g., prescribed fire. Associated rising land values make it more likely that ranchers will sell out or evaluate decisions on shorter timeframes. Urbanization can lead to "impermanence syndrome," decreasing investment and limiting management intensity if ranchers believe their land will ultimately be sold for nonagricultural purposes (Berry and Plaut 1978 , Heimlich and Anderson 1987 , Liffman et al. 2000 , Huntsinger et al. 2010b ).
On public lands, meanwhile, uncertainty of renewal of leases similarly inhibits investments in innovation, and may prevent ranchers from considering conservation easements on their private parcels.
The importance of scale in the ability of a ranching operation to diversify should not be underestimated. Large enterprises are more likely to be able to use a wider range of opportunities in the face of tenure changes and regionally variable precipitation. Flexible stocking carries an increased economic risk (Torell et al. 2010 ) that can be better absorbed by larger firms. The flexibility in stocking rates advocated by the recent Conservation Benefits of Rangeland Practices (Briske 2011) and increasingly demanded by the management objectives of public and private landowners may only be possible with rancher collectives pooling animals and land resources in the whole ranch concept, or achieved by single operations that cover multiple climate zones and have the ability to move truckloads of cattle on short notice.
Policies to stabilize land use and land tenure arrangements through tax incentives, such as California's Williamson Act, can help provide ranchers with the long-term confidence to diversify. Passed in 1965, and historically applied to over half of California's farm and ranch lands, this program has recently suffered the loss of state funding (California Department of Conservation 2012). The Williamson Act provided tax relief to farmers and ranchers who agreed to keep their land out of development for at least ten years via a rolling contract. It did not prevent, unfortunately, conversion to intensive agriculture such as vineyards, a common competitor for rangelands in the state. In California as elsewhere, then, local governments are key players in forging policies and partnerships to protect rangelands for open space and associated ecosystem values (Resnik et al. 2006) . Surprisingly, the recent economic downturn appears to have helped, or at least not slowed, the rapid growth in conservation easement acquisition by local and regional land trusts, as development pressure has ebbed and land prices have dropped (Christensen et al. 2011) .
High rates of landowner turnover pose additional challenges to ranch and rangeland conservation. Even where ranches are being purchased by investors or so-called amenity buyers who do not intend to subdivide their properties, turnover can undermine customary arrangements regarding access for livestock movement, hunting, or other DFS-related activities (Theobald et al. 1996 , Gosnell et al. 2006 , Yung and Belsky 2007 . Amenity buyers, who do not depend on livestock for their livelihoods, may discontinue grazing and thereby reduce the viability of local or regional support services, e.g., veterinary care, animal supply stores, on which active ranchers depend (Brunson and Huntsinger 2008) , or disrupt established systems of wildlife management, with impacts on neighboring ranchers, especially where hunting or fishing are important revenue sources . On the other hand, amenity buyers who choose to cooperate with local ranchers can bring valuable knowledge, skills, resources, and ideas to collaborative rangeland conservation efforts (Sayre 2005) .
At landscape scales, collaboration among ranchers, and between ranchers, agencies, and environmental groups, can help promote innovative management practices and rangeland DFS (Sayre 2005, York and Schoon 2011) . Implementing substantive management changes can be risky, expensive, and require several years to succeed, and supportive programs and cooperative networks of ranchers, agencies, technical advisors, and NGOs can greatly improve the likelihood of rangeland DFS innovations (Provenza 2003 , Kennedy and Brunson 2007 , Brunson and Burritt 2009 . Local flexibility and collaboration from federal agencies can help increase diversified management practices spatially, though initiatives like grassbanking, temporally, through matching livestock numbers and needs to variable forage conditions, and at the patch or pasture scale, through adaptive, monitoring-based habitat management. Coordinated management of the mosaic of unfragmented public and private land is a practical challenge, but it can help conserve landscape scale ecosystem processes, especially where rangelands persist with minimal fragmentation by urban or ex-urban development (Sayre 2005) . Habitat conservation plans to meet regulatory requirements for endangered species can also be more readily undertaken at the scale of multiple ranches working collaboratively with the relevant wildlife agencies.
Markets and incentives for production of ecosystem services have the potential to make profound changes in ranches and ranching. At present, most ranch enterprises have little chance of capturing these values in monetary terms other than by selling the land at inflated values, i.e., far in excess of what livestock production can economically justify. Conservation easements that provide some compensation for keeping land open are the main opportunities for marketing the ecosystem services of ranching landscapes today, whereas tax relief programs offer some incentives to those who do not develop. A few ranchers are marketing or getting payments in the form of government cost-shares for ecological restoration, carbon http://www.ecologyandsociety.org/vol17/iss4/art43/ sequestration, and provision of habitat (Gosnell et al. 2011b ; Table 1 ), but more research is needed to understand the complex ecological processes that support the production of clean air and water, wildlife habitat, carbon sequestration, recreation, and amenity values associated with extensive, unfragmented rangelands (de Steiguer et al. 2008) . Policy frameworks for remunerating land managers who successfully provide these public goods and services are still in their infancy, but may represent important ways of sustaining rangelands and encouraging diversification.
On the other hand, many ranchers, and farmers, complain that regulations are excessively complex, inefficient, and sometimes inconsistent (G. Humiston, personal communication) . In a California survey, more than 80% of ranchers reported that over-regulation was an important reason to quit ranching; a Colorado survey indicated regulation was the second most common "reason to sell the ranch" (Liffman et al. 2000 , Rowe et al. 2001 ). Many ranchers state that if they were paid for it, they could produce all the plants and animals that society desires to see conserved. Instead, however, the threat of regulation may cause some of them to avoid contact with anyone who might bring the resources, habitats, or species on their ranches to the attention of authorities, and they often feel burdened with an unfair share of the cost of maintaining and protecting regulated ecosystem services.
CONCLUSIONS
Rangeland livestock production is an important form of diversified agriculture. The delinking of crop and livestock production is a central feature of industrial agriculture and a major reason that the U.S. meat industry has become so unsustainable (Naylor et al. 2005) . To be sure, farming and ranching are often geographically, discursively, and socially separated. But successful DFS must find ways to overcome these rifts. One way to begin is to conceive ranching and farming along a gradient of management intensity. From this perspective, ranching is a potential model for diversified farming because of its tight coupling of ecological and economic processes and the innovations that this coupling has provoked across a wide variety of highly biodiverse ecosystems (White 2008, Knight and White 2009 ). Some of the innovative strategies we have described here seem to push ranching further along the gradient toward farming: land is divided by fences, animals are more closely controlled and manipulated, and management intensity increases. Nevertheless, ranching survives by keeping costs low and letting a diversity of plants, animals, and ecosystems do the work, so to speak, and these are principles that can also be applied to farming.
Because of their long-term experience with large, highly variable and complex landscapes, many ranchers possess local ecological knowledge that can contribute unique insights regarding rangeland health and management (Knapp and Fernandez-Gimenez 2009) . Rancher local knowledge can complement scientific knowledge to produce site-specific information on management practices and ecological responses (Knapp and Fernandez-Gimenez 2009 ) and thus provide the basis for diversified, locally adapted management. This knowledge base is threatened, however, as livestock profitability stagnates, land values climb, and ranchlands are converted to residential and other uses with higher economic returns. Land use change currently poses the greatest threat to rangeland biodiversity (Havstad and Peters 1999) , and cultural preservation of ranching traditions and land-based livelihoods thus constitutes a significant cobenefit for society (Table 1) .
Previous research has shown that most ranches are already managed for a variety of goals (Gentner and Tanaka 2002) . Ranchers rarely identify profit as a primary motivation for ranching, instead, they cite the benefits of a place to raise a family, enjoy nature, make decisions autonomously, and work with animals (Liffman et al. 2000 , Torell and Bailey 2000 , Rowe et al. 2001 . Such "multiple goal" ranchers make decisions that reflect their own personal balance of financial returns and the other benefits of ranching (Campos et al. 2009 ).
Efforts to encourage further diversification of ranching goals and practices must be cognizant of this core set of ranching values, sometimes termed "ranch fundamentalism" (Smith and Martin 1972, Liffman et al. 2000) . Far from an obstacle to DFS, ranchers' values represent an opportunity, because they seek ways to enhance the ecological processes on which they, their livestock, and range ecosystems as a whole all depend.
In summary, many ranchers are already involved in diversified agriculture, intentionally and incidentally. More will follow with the appropriate incentives, technical assistance, and education. Ranchers have responded well to education programs (Kennedy and Brunson 2007, Huntsinger et al. 2010b) , and they have often expressed a desire for more direct, one-on-one technical assistance. Such incentives, coupled with ranch fundamentalism, may have a multiplicative, rather than only additional, effect on ranchers' stewardship. This is a positive social-ecological feedback with great potential for the environment.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/4790
